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Laboratory Directed £oRD

Research and Development

From the Chief Research Officer

Every year, Sandia’s LDRD program supports innovations that benefit national
security. LDRD-funded projects develop advanced technology, engineering, and
science that can contribute to the future of the US nuclear deterrent. The LDRD
program also funds projects that have made enormous strides on energy security
and reliability, nonproliferation, counterterrorism, and other topics essential to the
security of the United States and its citizens.

The LDRD program is essential to one of Sandia’s top strategic priorities: deploying
outstanding engineering, science, and technology to our missions. Sandia’s LDRD
funding ensures that Sandia can advance the frontiers of knowledge in areas

relevant to Sandia missions; supports Sandia researchers developing innovative
solutions and novel tools; and helps Sandia attract, develop, and retain a world-class
technical workforce. This funding also supports Sandia efforts to deploy technology
to the commercial market: the 2018 R&D 100 awards again recognized four Sandia
projects with LDRD roots as being among the year’s most creative and important innovations to reach the
commercialization stage.

Every year, Sandia considers proposals from across the labs, following NNSA and internal processes to
select creative projects that align with Sandia strategy and national security requirements, demonstrate
technical merit and feasibility, and lead to transformative R&D. Funded projects are rigorously managed to
maximize their potential impact.

The LDRD program is the lifeblood of innovation at Sandia. It sustains our core science and engineering
capabilities and unleashes the technical creativity of our staff to anticipate and address evolving national
security threats.

This report overviews our LDRD program and highlights recent accomplishments of Sandia’s talented
R&D staff.

Susan Seestrom
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Top Left: Pat Finley, left; Drew Levin, center; and University of New Mexico Professor
Melanie Moses have taken inspiration from the immune system to improve how the US
detects emerging outbreaks. (Photo by Randy Montoya)

Top Right: Lauren Rohwer, left; Dorina Sava Gallis, center; and Kim Butler are members of
a Sandia team that has designed and synthesized metal-organic framework nanoparticles
that glow red or near infrared for at least two days in cells. (Photo by Randy Montoya)
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Middle Left: Forrest Gittleson, left, and Farid El Gabaly investigate the nanoscale chemistry
of solid state batteries, focusing on the region where electrodes and electrolytes make
contact. (Photo by Dino Vournas)

Middle Right: Michael Chandross, left, and Nic Argibay show a computer simulation
used to predict the unprecedented wear resistance of their platinum-gold alloy, and an
environmental tribometer used to demonstrate it. (Photo by Randy Montoya)

Bottom Left: 5x5 um atomic force microscopy scan of Scandium Aluminum Nitride film

annealed at 1800° C for 1 hour, exhibiting clear step bunching along crystallographic
planes.

Bottom Right: This tiny silicon-based device developed at Sandia can catch and convert
waste heat into electrical power. The rectenna, short for rectifying antenna, is made

of common aluminum, silicon, and silicon dioxide using standard processes from the
@ Sandi integrated circuit industry. (Photo by Randy Montoya)
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Sandia’s Laboratory Directed Research and Development Program

As a federally funded research and development center (FFRDC), Sandia National Laboratories develops advanced
technologies to ensure global peace. We apply advanced science and engineering to help our nation and allies detect, repel,
defeat, or mitigate national security threats. Our national security mission has grown from responding to the threat of the Cold
War to countering a range of threats—some nuclear, others involving chemical and biological weapons of mass destruction
and other acts of terrorism.

A strong science, technology, and engineering foundation enables Sandia’s mission through a capable research staff working
at the forefront of innovation, collaborative research with universities and companies, and discretionary research projects with
significant potential impact. As Sandia’s sole discretionary research and development (R&D) program, Laboratory Directed
Research and Development (LDRD) funds foundational, leading-edge R&D that nurtures and enhances core science and
engineering capabilities. Sandia’s LDRD program is an essential element of the Laboratories’ purpose to provide “exceptional
service in the national interest.”

Enduring LDRD Program Goals

The goal of the LDRD program at Sandia National Laboratories is to enable current and future national security missions by:

- advancing the frontiers of knowledge in areas relevant to the Labs’ missions
- developing innovative solutions and novel tools, and
- attracting, developing, and retaining a world-class technical workforce

Per Congressional intent (P.L. 101-510) and DOE guidance (DOE Order 413.2C, Chg 1), Sandia’s LDRD program is crucial to
maintaining the Labs’scientific and technical vitality and enhancing its ability to address current and future national security
missions.

LDRD plays an essential role in maintaining Sandia’s world-class R&D workforce. The program is a vehicle for the Labs’ technical
staff to express their most creative and innovative contributions at all stages of their careers. LDRD enables staff to develop
technical expertise and build new laboratory capabilities, fostering a research environment replete with opportunities to grow
professionally and to contribute beyond the constraints of direct program funding. LDRD is a magnet to attract new science,
technology, and engineering talent to the Laboratories, either as postdoctoral employees or as new hires.

Sandia’s research strategy arises from the Labs’strategy: LDRD investments are managed through a strategic and balanced
portfolio that is structured around several major types of research, which are further broken down into Investment Areas (lAs).
Each 1A is focused on discipline- or mission-based research priorities set by Sandia’s leadership. The LDRD program structure
and the allocation of funds to the associated |As are designed to align LDRD investments with Sandia strategy and future
national security mission needs.

LDRD Investment Area Roles

Research Foundations: Sandia maintains a set of discipline-based Research Foundations that represent the Labs’ core
science and technology competencies. Research Foundations seek to anticipate and provide for the future ST&E needs of the
Laboratories, foster its science base, and maintain and build technical excellence in key areas needed to address the broad
set of national security challenges across the Labs' mission space. The seven Research Foundations (see Figure 1) focus on
stewarding differentiating or unique capabilities in these areas.

Our key technical capabilities have proven their uniqueness and value time and time again, through decades of delivering to
DOE/NNSA—our primary sponsor—as well as the Department of Defense, the Department of Homeland Security, and other
federal agencies. The LDRD program is a critical investment in the Laboratories’ foundation.

LDRD Research Foundations conduct fundamental/discovery research in disciplines germane to and inspired by national
security mission needs to advance the frontiers of knowledge, explore innovative solutions, and build/maintain technical
capability.
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Figure 1. Research Foundations steward disciplines, considered core to the technical base, that enable mission success.

Mission Foundations: Sandia executes its broad national security missions through five major mission portfolios (Program
Portfolios: see Figure 2). The LDRD program is key to developing capabilities to address our national security mission
challenges. LDRD Mission Foundations, aligned to the Program Portfolios, conduct applied research in areas directly relevant to
current/anticipated missions to develop and demonstrate new capabilities and prototype new solutions.

Strategic Initiatives address major research challenges requiring large multidisciplinary teams to develop bold solutions to
important national security challenges (Grand Challenges projects) or agile, strategic processes to bridge ST&E and mission
and move intentionally from idea to impact (Mission Campaign Investment Areas).

Corporate Investments encourage and support strategic academic collaborations (118 LDRD-supported university
collaborations in FY2018), the Truman and Jill Hruby Postdoctoral Fellowships, and
Exploratory Express, an agile mechanism to rapidly answer key

research questions related to novel R&D ideas.
Advanced
Science &
Technology Nuclear

Deterrence

Energy &
Homeland
Security

Global
Security

National
Figure 2. Sandia’s LDRD Mission Foundations provide innovative PSQC“”W
rograms

solutions aligned with Sandia’s five Program Portfolios.
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PROGRAM OVERVIEW

Enabling Mission Success

Sandia’s LDRD program invests in

research to enable mission success. As a
multidisciplinary laboratory, Sandia brings
researchers from all areas of science and
engineering. By working together on LDRD
projects, researchers develop leading-
edge solutions to both current and future
challenges. From building foundational
science capabilities to applied research

to technology development, each LDRD
project addresses one or more of the
following: DOE/NNSA's missions, as well

as the national security missions of the
Department of Homeland Security, the
Department of Defense, and Other Federal
Agencies.

DOE/Nuclear Security

DOE/Energy Security
DOE/Scientific Discovery and Innovation

DOE/Environmental Responsibilithy

Department of Homeland Security

Department of Defense (DoD) Missions
Other Federal Agency (OFA) Missions

Other (industry, etc.)

|
0 20 40 60 80

$ - Millions

100 120 140 160

Figure 3. Each LDRD project addresses one or more of these national security missions.
Total FY2018 LDRD R&D costs were $160,249,672.

Project Selection and Oversight

Each year, the LDRD program issues a Labs-wide Call for Ideas organized through the Investment Area leadership teams.

In response, staff members generate ideas and proposals that are directed to the appropriate Investment Area selection
committee for evaluation. Each proposal undergoes a rigorous review process, including peer review by subject-matter
experts. The Sandia LDRD program is highly competitive. In the main FY2018 selection process, 749 short idea proposals were
submitted; the Investment Area selection committees invited 176 of those to submit full proposals. Of those proposals, 91
new projects were funded. When added to ongoing projects, and to 78 projects started during the year (e.g., those from the
Exploratory Express Investment Area), 371 projects were active in FY2018.

FY 2018 LDRD Program Statistics

$162.7M

Total Program Cost

LDRD Participants

$341K

Median Project Size

371 169

Number of Distinct R&D Employees
b N W A @ oo N
8 8 8 8 8 8 8

=)

Oto5 5to10 10to 15

W 10-25% time charged W 25-50% time charged

Who Works on LDRD Projects?

Time (in Years) as a Sandia Employee

> 50% time charged

Total LDRD Projects New Projects in 2018
LDRD_SUPZZ:«::)ecds 1 33 ;1;1:‘;?; total
Sosdocro sttt G T
Conversions
Refereed Publications 2 9 3 52 ::/(j i;)ftotal
Technical Advances 11 z g;l:(;?af total
- Patents Issued 75 gj:;?; total
15t020 20+ Software Copyrights 1 8 ;z :1/21?; total
R&D 100 Awards ll. 22:1/2?; total
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ADVANCING THE FRONTIERS OF SCIENCE, ENGINEERING AND
KNOWLEDGE IN AREAS RELEVANT TO SANDIA'S NATIONAL
SECURITY MISSION

Sandia is a 21st century, broad spectrum national security laboratory. LDRD research plays an essential role in maintaining
the Labs’ scientific vitality. As the nation’s most diverse national security laboratory, Sandia is uniquely equipped to tackle
groundbreaking interdisciplinary research. Sandia researchers work across a broad spectrum of disciplines, collaborating to
advance the frontiers of science and engineering in areas that are critical to Sandia’s national security mission areas.

Most wear-resistant metal alloy in the world engineered at Sandia. Sandia’s materials science team has engineered a
platinum-gold alloy believed to be the most wear-resistant metal in the world. It is 100 times more durable than high-strength
steel, making it the first alloy, or combination of metals, in the same class as diamond and sapphire, nature’s most wear-
resistant materials. Sandia’s team recently reported their findings in Advanced Materials.“We showed there's a fundamental
change you can make to a material alloy that will impart this tremendous increase in performance over a broad range of

real, practical metals,” said materials scientist Nic Argibay, an author on the paper. In the short term, the alloy could be added

to blade-pitch motors and communication slip rings used in wind turbines, which would not need to be opened and fixed
repeatedly. Reduced maintenance costs, along with the longer life of parts, could offset the high cost of the metals. The
platinum-gold alloy is in the process of being patented. The research is being used as a springboard to find other wear-resistant
alloys cheaper than platinum-gold. The researchers also want to test the effectiveness of platinum-gold coatings down to a few
hundred nanometers.

Sandia National Laboratories researchers Michael Chandross, left, and Nic Argibay show a
computer simulation used to predict the unprecedented wear resistance of their platinum-gold alloy,
and an environmental tribometer used to demonstrate it. (Photo by Randy Montoya)
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Nanotechnology experts at Sandia create
first terahertz-speed polarization optical
switch. A Sandia National Laboratories-led
team has, for the first time, used optics rather
than electronics to switch a nanometer-

thick thin film device from completely dark

to completely transparent, or light, at a

speed of trillionths of a second. Ultrafast
information processing “matters in computing,
telecommunications, signal processing,

image processing and in chemistry and
biology experiments where you want very
fast switching,” Igal Brener said.“There are
some laser-based imaging techniques that will
benefit from having fast switching, too. Done
in collaboration with North Carolina State
University, the work was funded by Sandia’s
LDRD program and published in Nature
Photonics.

USING OPTICS—Former Sandia researcher Yuanmu Yang, left, and Sandia’s Igal
Brener set up to do testing in an optical lab. The pair were part of a team that,

for the first time, used optics rather than electronics to switch a nanometer-thick
thin film device from completely dark to completely transparent in trillionths of a
second. (Photo by Randy Montoya)

A splash of detergent makes catalytic compounds more
powerful. Sandia researcher Hongyou Fan has produced a
uniform powder that outperforms commercial varieties used
as catalysts in solar cells and could be used to produce clean-
burning hydrogen fuel. Fan is working on optimizing materials
for potential applications like energy conversion in solar cells,
phototherapy for cancer treatment, and hydrogen production
for clean fuel sources by creating well-known particles in brand
new shapes. LDRD researcher David Rosenberg is scaling up the
technology for application to his explosives work for national
security, where unpredictable materials are unacceptable. The
technology is the subject of a recent paper in Nano Letters.

S-5200 2.0kV x3.00k SE 10.0um

Under high-power microscopy, a powder made with
detergent-based technology at Sandia National Laboratories
consists of perfect spheres. Without it, the material would
look like coarse gravel. Consistency makes catalytic materials
considerably more effective. (Photo courtesy of Hongyou Fan)

SANDIA NATIONAL LABORATORIES LDRD 2018 ANNUAL REPORT 7




8

prb PROGRAM OVERVIEW

The LDRD Grand Challenge NanoCRISPR project has discovered
new functionality. CRISPR-Cas9 is a breakthrough technology used as
a genome-editing tool to target and modify specific DNA sequences

in different organisms. In addition to DNA, researchers discovered

that certain Cas9 enzymes also target RNA, the “genetic middleman”
between DNA and proteins. This new capability for Cas9 enzymes opens
the door for the development of novel RNA targeting therapies, viral
countermeasures, cell and nucleic acid diagnostics, and gene regulation
tools. This patent-pending research was performed in collaboration
with Prof. Jennifer Doudna (UC Berkeley), co-inventor of CRISPR-Cas9
technology. It was published in eLife (2018, DOI 10.7554/eLife.32724).

CRISPR-associated protein Cas9 can target and cut DNA, but its ability
to efficiently target RNA was unclear. The discovery of RNA targeting by

a subset of Cas9 enzymes lays the foundation for programmable RNA
targeting applications.

DEVELOPING INNOVATIVE SOLUTIONS AND NOVELTOOLS TO
ENABLE CURRENT AND FUTURE MISSION NEEDS

LDRD projects create and enhance capabilities and products that support national security missions through innovative

science, technology, and engineering. LDRD has been, and will continue to be, a key contributor to the development of science
and engineering capabilities used to secure our nation now and into the future. The Labs and its strategic partners gain from
collaborative research results, and many technological breakthroughs originating from, or improved through the LDRD program,
are transferred to industry, commercialized under licensing agreements, and brought to market for the US public good.

SHIELD Technology Transferred to Raytheon. Sandia transferred its SHIELD Physical Unclonable Function (PUF) technology
platform to Raytheon Space and Airborne Systems in El Segundo, California for testing and evaluation. The SHIELD PUF
platform provides microprocessors with an inherently unique and random cryptographic key that is used in an on-board
Advance Encryption Standard (AES) encryption engine to provide secure identification and communication to authorized
queries. PUFs are based on physical variations that occur naturally during semiconductor manufacturing that make it possible
to differentiate between otherwise identical semiconductors. Sandia researchers developed and integrated both the PUF and
a passive temperature sensor into the SHIELD dielet, representing two of the five core technologies for SHIELD. The Sandia
PUF used in the SHIELD dielet is an outgrowth of a 2014 LDRD Reliable PUFs for Supply Chain Assurance. PUF technology will
benefit integrated circuits susceptible to cryptographic attacks, as well as nuclear deterrence and national security program
technologies exposed to supply chain risks for microelectronics.

100um x 100um surrogate delet, complete weth on-
Chip cod, stting on B Pead of the Uncoln Memoral

SHIELD dielet is smaller than Lincoln’s head on the back of a penny, consists of Sandia National Laboratories
developed physical unclonable function and passive thermal sensor.

SANDIA NATIONAL LABORATORIES LDRD 2018 ANNUAL REPORT
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Sandia’s robotic work cell conducts high-throughput testing ‘in an instant’. Sandia National Laboratories has designed and
built a six-sided work cell, similar to a circular desk, with a commercial robot at its center that conducts high-throughput testing
to quickly determine the performance and properties
of the part. This flexible, modular and scalable

system is called Alinstante, Spanish for “in an instant.”
The goal of Alinstante is to speed up the testing of
3D-printed parts and materials science research.
Industry partners are being sought to help expand

or discover more uses for the new robotic testing
system. The technology to speed up qualification and
testing was the result of Sandia materials scientist
Brad Boyce's work in the spring of 2015. He was
working on Sandia’s Born Qualified Grand Challenge,
an LDRD-funded project to improve the qualification
of custom 3D-printed parts.

Sandia National Laboratories materials scientist Brad Boyce watches
as the Alinstante robotic work cell scans a 3D-printed part to compare
what was made to the original design. This test part was devised to push
the limits of 3D printing technology. The goal of Alinstante is to speed up
the testing of 3D-printed parts and materials science research. (Photo by
Randy Montoya)

Stopping anthrax in its tracks using charged liquid droplets to attract and pull spores out of the air. Sandia researchers
have tested a new spray knockdown system partly developed with LDRD funds and refined by Sandia technologist Charles
Brusseau. Using a very fine mist of charged liquid droplets (dilute decontamination foam or even plain water) they can attract
and pull anthrax spores out of the air. This system could prevent people from breathing in anthrax and might even help stop its
spread at a standalone facility such as an airbase.

Sandia engineer Mark Tucker holds a
sample of decontamination foam modified
to stick to the walls and ceilings of subway
tunnels. Mark has spent much of the past
twenty years thinking about ways to clean up
chemical or biological warfare agents. (Photo
by Randy Montoya)




10

New fractal-like concentrating solar power receivers are better at absorbing sunlight. Sandia engineers have developed
new fractal-like, concentrating solar power receivers for small- to medium-scale use that are up to 20 percent more effective

at absorbing sunlight than current technology. The receivers were designed and studied as part of a LDRD project and are
being applied to Sandia’s work for the Solar Energy Research Institute for India and the United States (SERIIUS). Sandia engineer
Cliff Ho says, “The goal of concentrating solar power and SERIIUS is to develop efficient, cost-effective solar-driven electricity
production with energy storage. The use of a solarized supercritical carbon-dioxide Brayton cycle would increase efficiencies,
reduce space requirements, and reduce costs associated with current large-scale concentrating solar power systems.”

NEW SOLAR RECEIVERS. Year-round Sandia intern Jesus Ortega inspects one of the new bladed receivers at the National Solar
Thermal Testing Facility. (Photo by Randy Montoya)

New Sandia solid-state silicon device may one day power
space missions. Sandia researchers have developed a tiny
silicon-based device that can harness what previously was
called waste heat and turn it into DC power. Their advance,
called an infrared rectenna, was published recently in Physical
Review Applied. The research was funded by Sandia’s LDRD
program.

This tiny silicon-based device developed at Sandia
can catch and convert waste heat into electrical power.
The rectenna, short for rectifying antenna, is made of
common aluminum, silicon and silicon dioxide using
standard processes from the integrated circuit industry.
(Photo by Randy Montoya)
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Smarter, safer bridges with Sandia sensors. Sandia worked with Structural Monitoring Systems PLC, a UK-based
manufacturer of structural health monitoring sensors, to outfit a US bridge with a network of eight real-time sensors able to
alert maintenance engineers when they detect a crack or when a crack reaches a length that requires repair. Sandia Senior
Scientist Dennis Roach presented his team'’s work at the ninth International Conference on Bridge Maintenance, Safety

and Management. The team’s work on smart
infrastructure began in 2005 through a Sandia-
sponsored LDRD project. The project explored
using mounted sensors and wireless data
transfer to continuously monitor a wide array

of civil structures ranging from heavy mining
equipment to railway systems and bridges. These
sensors can monitor the health of structures and
mechanical devices by detecting the presence of
corrosion and cracks and even the condition of
critical moving parts.

.-
-
-
-

L. b &

Sandia mechanical engineer Stephen Neidigk
positions a Comparative Vacuum Monitoring
sensor on a bridge. In his other hand is the control
system that periodically checks the sensor and a
wireless transmitting device to autonomously alert
the maintenance engineers if it detects a crack.
(Photo by Randy Montoya)

Biologically inspired membrane purges

coal-fired smoke of greenhouse gases. A GAS MIXTURE GAS REMOVED B

. o : WITH €O, WITH CO,
Sandia and University of New Mexico CO, NjorH,
researchers have jointly developed an )
. . . . - o
inexpensive memzyme capable of ridding A0, Pore wal AlO,Pore sze  Si0,Pore size - A -
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prevalent greenhouse gas. The patented surface 7 L Hectve
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and inexpensively want to reduce et
emissions of carbon dioxide. Initial work 000}
was supported by Sandia’s LDRD program. - — -
Enzymatic liquid-membrane design PURIFIED CO, GAS PURIFIED CO, GAS

and mechanism of CO, capture and
separation. The Sandia/UNM membrane is fabricated by formation of approximately 1-micron-deep arrays of 8-nanometer
diameter cylindrical silica mesopores. Using atomic layer deposition and oxygen plasma processing, the silica mesopores are
engineered to be hydrophobic except for an 18-nm-deep region at the pore surface which is hydrophilic. Through capillary
condensation, carbonic anhydrase enzymes and water spontaneously fill the hydrophilic mesopores to form an array of
nanostabilized enzymes with an effective concentration greater than 10 times of that achievable in solution. These catalyze the
capture and dissolution of carbon dioxide at the upstream surface and regeneration of carbon dioxide at the downstream surface.
The high enzyme concentration and short diffusion path maximizes capture efficiency and flux.
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ATTRACTING, DEVELOPING AND RETAINING A WORLD-CLASS
TECHNICAL WORKFORCE TO CREATE MISSION IMPACT

Sandia’s specialized missions require highly motivated, qualified staff with deep expertise, committed to advancing the
frontiers of science and engineering through continual growth and development. LDRD program support was important
to many Sandia researchers who were recognized for their achievements this year. Additional awards for LDRD projects and
researchers are listed in the Awards Section of this report.

DOE Early Career Research Program

Eric Cyr wins DOE Early Career Research Program award for 2018. The national award
from the DOE'’s Office of Science is meant to “identify and provide support to those
researchers early in their careers who have the potential to develop new scientific ideas,
promote them and convince their peers to pursue them as new directions. "My role as an
LDRD PI helped me understand how to develop a successful project. Not only in writing
an innovative proposal, but how to set ambitious yet achievable goals and deliverables
that externally convey the excitement of the project. Moreover, the technical knowledge
that | developed and gained in my LDRDs was a direct antecedent of the technical work
proposed by my DOE Early Career project,” Eric said.

Sandia computational researcher Eric Cyr
(Photo by Randy Montoya)

JillHruby Fellowship

Mercedes Taylor and Chen Wang are Sandia’s first Jill Hruby Fellows. The honorees have each been awarded a three-year
postdoctoral fellowship in technical leadership, comprising national security-relevant research with an executive mentor.
Susan Seestrom, chief research officer and associate laboratories director for Advanced Science and Technology, will mentor
both Mercedes and Chen. The Jill Hruby Fellowship is meant to encourage women to consider leadership in national security
as scientists and engineers. Jill Hruby served as Sandia’s director from 2015 to 2017 and was the first woman to lead a national
security laboratory.

Over the next three years, Mercedes’ research will aim to develop new porous plastics that purify water by soaking up ions—
electrically charged atoms and molecules—with an emphasis on negatively charged ions, called anions. Materials that can
target an ion selectively, even in the presence of many other ions, could be especially
useful to national security, by identifying chemical warfare agents, radioactive material

or harmful natural impurities (e.g., in a water sample). Current technologies to remove
various ions from water on an industrial scale leave much to be desired, so the work could
also find practical use in desalination plants. As climate change and population growth
are projected to make drinking water scarcer globally over the coming decades, Taylor
hopes her work will provide relief and security. Mercedes earned a doctorate in chemistry
from the University of California, Berkeley.

As a Jill Hruby Fellow, Mercedes Taylor will develop new water-
purifying materials that capture potentially hazardous ions at
Sandia. (Photo by Phil Bunting)
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Truman Fellowship

Cheng Wang says the Hruby Fellowship will help her continue to encourage public interest
in science and environmental issues while promoting the public image of female scientists.
As a graduate student and through the Association of Women in Science, she organized
science activities for kids and families in downtown Riverside, California. She later expanded
to large-scale workshops held at a Discovery Cube children’s science museum in Santa Ana,
California.”l saw it as an opportunity to do something more, to build the foundation of what
the Hruby Fellowship will become in coming years.” Chen earned a doctorate in materials
science from the University of California, Irvine.

As a Jill Hruby Fellow, Chen Wang will analyze
soot precursor molecules with microscopy, and
design computational models for cleaner-burning
combustion engines at Sandia. (Photo courtesy of
Chen Wang)

Sandia established the President Harry S. Truman Fellowship in National Security Science and Engineering to attract the best
nationally recognized new PhD scientists and engineers. This three-year fellowship is named for President Truman who charged
Sandia in 1949 with providing “an exceptional service in the national interest”—a motto that leads Sandia to excel to this day.
Truman Fellows conduct independent ground-breaking research that supports Sandia’s national-security mission. Fellows
choose their own research topics and benefit by having access to Sandia’s state-of-the-art facilities and collaborating with
some of the nation’s best scientists and engineers. Fellows may work at either of Sandia’s principal locations in New Mexico and
California. A member of Sandia’s technical staff mentors each Truman Fellow. This emphasis on research mentoring enables
Fellows to become integral members of Sandia R&D teams while acquiring unique skills during their early career development.

2018 Truman Fellows

Ethan Secor received his PhD from Northwestern University in materials science and
engineering in September 2017. He earned his BS from Drake University, with a double
major in chemistry and physics. He has received several awards including a National
Defense Science and Engineering Graduate Fellowship. His graduate work on graphene
inks resulted in a commercialization opportunity, two patents and several additional
patent applications, and over ten journal papers. For his Truman Fellowship, “Nanomaterial
Ink Development for Smart Manufacturing,” Ethan is designing a digital additive
manufacturing platform for simultaneous codeposition of nanomaterial inks. This could
offer opportunities for bottom-up fabrication of functionally graded materials, printing of
chemically reactive or incompatible precursors, and in situ composite synthesis.

2018 Truman Fellow Ethan Secor
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Daniel Ruiz received his PhD in plasma physics from Princeton University in August 2017.
He also has a MS degree in nuclear reactor physics from the Institut National des Sciences et
Techniques Nucléaires in France and a BA degree in physics engineering from the Instituto
Tecnolégico de Monterrey in Mexico. During his PhD studies, Daniel’s research was mainly
focused on developing a new systematic approach based on variational principles to
describe wave dynamics. Daniel’s Truman Fellowship research will focus on developing a new
theoretical model to better understand the basic physics of laser-plasma instabilities (LPI)
processes relevant to the magnetized liner inertial fusion (MagLIF) experiment at Sandia.

2018 Truman Fellow Daniel Ruiz

Yiyang Li received his BS in Electrical and Computer Engineering from Olin College
and his MS and PhD in Materials Science and Engineering from Stanford University.
His thesis work, which used in situ characterization to understand ion insertion mech-
anisms in Li-ion batteries at the nanoscale, has been published in journals including
Science and Nature Materials. Yiyang's Truman Fellowship extends electrochemical
ion insertion beyond energy conversion and storage by developing a new class of
materials whose properties can be dynamically changed through electrochemistry.

2018 Truman Fellow Yiyang Li

PROFESSIONAL RECOGNITION AWARDS
American Academy of Arts and Sciences Fellow

Sandia researcher Jeff Brinker elected fellow of American
Academy of Arts and Sciences. Jeff Brinker, Sandia National
Laboratories Fellow and University of New Mexico Regents’
Professor, has been elected fellow of the oldest learned society

and independent policy research center in the United States: the
American Academy of Arts and Sciences.“My election into the
academy would not have been possible without continued support
from Sandia’s Laboratory Directed Research and Development
program, the Department of Energy’s Office of Basic Energy Sciences,
the Air Force Office of Scientific Research, the National Cancer
Institute, the Defense Threat Reduction Agency, the National Science
Foundation and the University of New Mexico."

Sandia researcher and American Academy of Arts and Sciences
Fellow Jeff Brinker. (Photo by Randy Montoya)
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American Physical Society Fellow

Sandia physicist Thomas Mattsson elected fellow of the American Physical Society.
Mattsson was cited by the society “for contributions to the fundamental understanding of
condensed matter at extreme temperatures and pressures through molecular dynamics and
electronic structure simulations.” In addition to contributing to LDRD work, Mattsson has led a
fundamental science program at Sandia’s Z machine—the most powerful generator of x-rays
on Earth—since 2011.

Sandia researcher and American Physical
Society Fellow Thomas Mattsson.

Sandia LDRD researcher Alex Talin elected fellow of the American Physical Society.
Talin, from Sandia’s California site, was honored “for the discovery of new electronic
transport phenomena, materials and devices.”

“The LDRD program has helped my career tremendously. In